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Worldwide, birth defects affect 3%–6% of infants and account
for 20% of all infant deaths.1 With mounting evidence for
links between environmental exposures and birth outcomes,2,3

there is an need for accurate screening strategies for timely di-
agnosis and treatment of fetal abnormalities. According to the
authors of a recent study published in Environmental Health
Perspectives, early detection of developmental defects in mice
was achieved using a novel dual-modality imaging technique
that can overcome some of the challenges of traditional ultra-
sound technology.4

Birth defects arise from unknown causes in roughly half of all
cases.5,6 Congenital heart defects are the most common type of
birth defect7 and are among the top eight causes of infant mortal-
ity.8 Mixed evidence associates congenital heart defects with pre-
natal proximity to landfills and exposures to air pollution, metals,
pesticides, solvents, disinfection by-products, and high ambient
temperatures.9,10,11

Ultrasound imaging techniques can detect some developmental
defects before birth, but despite significant advances, their use is
limited to later stages of development. However, even in the sec-
ond trimester more than 50% of congenital heart abnormalities are
not detected by routine fetal ultrasound.12 In addition, conven-
tional ultrasound cannot measure functional parameters such as tis-
sue oxygen saturation (SaO2) and hemoglobin content (HbT).

These two early indicators of alterations in embryo circulation typ-
ically precede grossmorphological changes.13,14

A newer tool, photoacoustic-ultrasound (PA-US) tomography,
combines the specificity, high contrast, and deep-tissue penetration
of optical and acoustic imaging technologies to provide details
about organ structure and function.15 In this hybrid technology, op-
tical energy is delivered into biological tissues, resulting in ultra-
sonic emissions that can be analyzed to produce images.16 Because
optical absorption is directly related to physiological properties
such as SaO2 andHbT content, different tissueswill produce differ-
ent photoacoustic signals, which can be translated into extremely
detailed three-dimensional pictures of the target area.17 Although
PA-US tomography is a promising clinical tool broadly applied in
disease monitoring, functional imaging, and therapy and surgery
guidance,18 this is the first time it was tested for assessing develop-
mental toxicity.

In the study, investigators used dual-modality PA-US imaging
to examine early embryo morphology and markers of embryonic
tissue oxygenation and function in mice, after exposure to meth-
ylmercury chloride (MMC), a potential neuro- and cardiotoxi-
cant. Pregnant dams received either a high MMC dose, low
MMC dose, or saline control for 6 consecutive days. Exposure
occurred during a period equivalent to weeks 2–4 of human gesta-
tion, when early organogenesis begins and the risk of developmental

Left: The heart bulge of this 12-day-old mouse embryo is visible in the center of its body. Scanning electron micrograph, magnification 20× when printed at
10 cm wide. Right: A new tomographic technique enabled investigators to pinpoint when heart abnormalities started in embryos that received low (middle)
and high (bottom) doses of MMC (the top panel shows the control). Images, left to right: © Steve Gschmeissner/Science Photo Library; Qiu et al.4
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abnormalities and miscarriage is highest.19,20 Embryos from
treated and control dams were evaluated for pathological
changes using PA-US imaging. That technique enabled detec-
tion of differences between the high-dose and control groups in
overall embryo size and cardiovascular function, results that
were confirmed by ex vivo histopathological analyses. In the
low-dose group, quantification of SaO2 and HbT values allowed
detection of functional abnormalities that preceded apparent
morphological changes and would have eluded diagnosis by
conventional ultrasound alone.

Fuller Bazer, chair of the Physiology of Reproduction
Program at Texas A&M University, notes that the dosages used
in the study were high relative to concentrations that are toxic to
humans. However, the authors’ main focus was testing the tech-
nology’s performance. Given the results, says Bazer, who was
not involved in the study, PA-US imaging shows promise as a
noninvasive means of detecting developmental abnormalities.
With further refinement, he suggests, PA-US imaging could
prove instrumental in identifying unique developmental changes
during normal gestation, or in mouse models of disease with det-
rimental effects on fetal and placental development.

“Our study provides a new high-resolution, real-time imaging
method for in vivo evaluation of embryonic development,” says
Qingliang Zhao, senior author of the study. “We believe that
dual-modality PA-US imaging has great potential in developmen-
tal biology research.” The technology is not yet ready for use in
humans, Zhao says. However, he asserts that the application of
photoacoustic contrast agents and the optimization of detector
bandwidth—both of which are the subject of published stud-
ies21,22—would drastically improve the resolution and imaging
depth of the PA-US system. Such an approach could prove useful
in preclinical studies and clinical applications.

Florencia Pascual, PhD, is a freelance science writer based in Durham, North
Carolina.

References
1. Murray CJL, Ezzati M, Flaxman AD, Lim S, Lozano R, Michaud C, et al. 2012.

GBD 2010: a multi-investigator collaboration for global comparative descriptive
epidemiology. Lancet 380(9859):2055–2058, PMID: 23245598, https://doi.org/10.
1016/S0140-6736(12)62134-5.

2. Nieuwenhuijsen MJ, Dadvand P, Grellier J, Martinez D, Vrijheid M. 2013.
Environmental risk factors of pregnancy outcomes: a summary of recent meta-
analyses of epidemiological studies. Environ Health 12:6, PMID: 23320899,
https://doi.org/10.1186/1476-069X-12-6.

3. Etzel RA. 2020. Is the environment associated with preterm birth? JAMA Netw
Open 3(4):e202239, PMID: 32259261, https://doi.org/10.1001/jamanetworkopen.
2020.2239.

4. Qiu Q, Huang Y, Zhang B, Huang D, Chen X, Fan Z, et al. 2022. Noninvasive dual-
modality photoacoustic-ultrasonic imaging to detect mammalian embryo abnor-
malities after prenatal exposure to methylmercury chloride (MMC): a mouse
study. Environ Health Perspect 130(2):27002, PMID: 35108087, https://doi.org/10.
1289/EHP8907.

5. Christianson A, Howson CP, Modell B. 2006. March of Dimes Global Report of
Birth Defects: The Hidden Toll of Dying and Disabled Children. White Plains,
NY: March of Dimes Defects Foundation. https://www.marchofdimes.org/
global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-
full-report.pdf [accessed 6 April 2022].

6. Feldkamp ML, Carey JC, Byrne JLB, Krikov S, Botto LD. 2017. Etiology and clini-
cal presentation of birth defects: population based study. BMJ 357:j2249,
PMID: 28559234, https://doi.org/10.1136/bmj.j2249.

7. van der Linde D, Konings EEM, Slager MA, Witsenburg M, Helbing WA,
Takkenberg JJM, et al. 2011. Birth prevalence of congenital heart disease
worldwide: a systematic review and meta-analysis. J Am Coll Cardiol
58(21):2241–2247, PMID: 22078432, https://doi.org/10.1016/j.jacc.2011.08.025.

8. GBD 2017 Congenital Heart Disease Collaborators. 2017. Global, regional, and
national burden of congenital heart disease, 1990–2017: a systematic analysis
for the Global Burden of Disease Study 2017. Lancet Child Adolesc Health
4(3):185–200, PMID: 31978374, https://doi.org/10.1016/S2352-4642(19)30402-X.

9. Boyd R, McMullen H, Beqaj H, Kalfa D. 2022. Environmental exposures and
congenital heart disease. Pediatrics 149(1):e2021052151, PMID: 34972224,
https://doi.org/10.1542/peds.2021-052151.

10. Nicoll R. 2018. Environmental contaminants and congenital heart defects: a re-
evaluation of the evidence. Int J Environ Res Public Health 15(10):2096. PMID:
30257432, https://doi.org/10.3390/ijerph15102096.

11. Auger N, Fraser WD, Sauve R, Bilodeau-Bertrand M, Kosatsky T. 2017. Risk of
congenital heart defects after ambient heat exposure early in pregnancy. Environ
Health Perspect 125(1):8–14, PMID: 27494594, https://doi.org/10.1289/EHP171.

12. van Velzen CL, Ket JCF, van de Ven PM, Blom NA, Haak MC. 2018. Systematic
review and meta-analysis of the performance of second-trimester screening
for prenatal detection of congenital heart defects. Int J Gynaecol Obstet
140(2):137–145, PMID: 29094357, https://doi.org/10.1002/ijgo.12373.

13. Lawrence DJ, Escott ME, Myers L, Intapad S, Lindsey SH, Bayer CL. 2019.
Spectral photoacoustic imaging to estimate in vivo placental oxygenation dur-
ing preeclampsia. Sci Rep 9(1):558, PMID: 30679723, https://doi.org/10.1038/
s41598-018-37310-2.

14. Yamaleyeva LM, Sun Y, Bledsoe T, Hoke A, Gurley SB, Brosnihan KB. 2017.
Photoacoustic imaging for in vivo quantification of placental oxygenation in
mice. FASEB J 31(12):5520–5529, PMID: 28842425, https://doi.org/10.1096/fj.
201700047RR.

15. Wang D, Wu Y, Xia J. 2016. Review on photoacoustic imaging of the brain
using nanoprobes. Neurophotonics 3(1):010901, PMID: 26740961, https://doi.org/
10.1117/1.NPh.3.1.010901.

16. Wang S, Lin J, Wang T, Chen X, Huang P. 2016. Recent advances in photoa-
coustic imaging for deep-tissue biomedical applications. Theranostics
6(13):2394–2413, PMID: 27877243, https://doi.org/10.7150/thno.16715.

17. Li C, Wang LV. 2009. Photoacoustic tomography and sensing in biomedicine.
Phys Med Biol 54(19):R59–R97, PMID: 19724102, https://doi.org/10.1088/0031-
9155/54/19/R01.

18. Steinberg I, Huland DM, Vermesh O, Frostig HE, Tummers WS, Gambhir SS.
2019. Photoacoustic clinical imaging. Photoacoustics 14:77–98, PMID: 31293884,
https://doi.org/10.1016/j.pacs.2019.05.001.

19. Rutledge JC. 1997. Developmental toxicity induced during early stages of mam-
malian embryogenesis. Mutat Res 396(1–2):113–127, PMID: 9434863,
https://doi.org/10.1016/S0027-5107(97)00178-4.

20. Minkin MJ. 2009. Embryonic development and pregnancy test sensitivity: the
importance of earlier pregnancy detection. Womens Health (Lond) 5(6):659–
667, PMID: 19863469, https://doi.org/10.2217/whe.09.61.

21. Li W, Chen X. 2015. Gold nanoparticles for photoacoustic imaging. Nanomedicine
(Lond) 10(2):299–320, PMID: 25600972, https://doi.org/10.2217/nnm.14.169.

22. Allen TJ, Beard PC. 2012. Optimising the detection parameters for deep-tissue
photoacoustic imaging. In: Proc SPIE 8223: Photons Plus Ultrasound: Imaging
and Sensing. 22–24 January 2012. San Francisco, California, 135–141.

Environmental Health Perspectives 044003-2 130(4) April 2022

https://www.ncbi.nlm.nih.gov/pubmed/23245598
https://doi.org/10.1016/S0140-6736(12)62134-5
https://doi.org/10.1016/S0140-6736(12)62134-5
https://www.ncbi.nlm.nih.gov/pubmed/23320899
https://doi.org/10.1186/1476-069X-12-6
https://www.ncbi.nlm.nih.gov/pubmed/32259261
https://doi.org/10.1001/jamanetworkopen.2020.2239
https://doi.org/10.1001/jamanetworkopen.2020.2239
https://www.ncbi.nlm.nih.gov/pubmed/35108087
https://doi.org/10.1289/EHP8907
https://doi.org/10.1289/EHP8907
https://www.marchofdimes.org/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-full-report.pdf
https://www.marchofdimes.org/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-full-report.pdf
https://www.marchofdimes.org/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-full-report.pdf
https://www.ncbi.nlm.nih.gov/pubmed/28559234
https://doi.org/10.1136/bmj.j2249
https://www.ncbi.nlm.nih.gov/pubmed/22078432
https://doi.org/10.1016/j.jacc.2011.08.025
https://www.ncbi.nlm.nih.gov/pubmed/31978374
https://doi.org/10.1016/S2352-4642(19)30402-X
https://www.ncbi.nlm.nih.gov/pubmed/34972224
https://doi.org/10.1542/peds.2021-052151
https://www.ncbi.nlm.nih.gov/pubmed/30257432
https://doi.org/10.3390/ijerph15102096
https://www.ncbi.nlm.nih.gov/pubmed/27494594
https://doi.org/10.1289/EHP171
https://www.ncbi.nlm.nih.gov/pubmed/29094357
https://doi.org/10.1002/ijgo.12373
https://www.ncbi.nlm.nih.gov/pubmed/30679723
https://doi.org/10.1038/s41598-018-37310-2
https://doi.org/10.1038/s41598-018-37310-2
https://www.ncbi.nlm.nih.gov/pubmed/28842425
https://doi.org/10.1096/fj.201700047RR
https://doi.org/10.1096/fj.201700047RR
https://www.ncbi.nlm.nih.gov/pubmed/26740961
https://doi.org/10.1117/1.NPh.3.1.010901
https://doi.org/10.1117/1.NPh.3.1.010901
https://www.ncbi.nlm.nih.gov/pubmed/27877243
https://doi.org/10.7150/thno.16715
https://www.ncbi.nlm.nih.gov/pubmed/19724102
https://doi.org/10.1088/0031-9155/54/19/R01
https://doi.org/10.1088/0031-9155/54/19/R01
https://www.ncbi.nlm.nih.gov/pubmed/31293884
https://doi.org/10.1016/j.pacs.2019.05.001
https://www.ncbi.nlm.nih.gov/pubmed/9434863
https://doi.org/10.1016/S0027-5107(97)00178-4
https://www.ncbi.nlm.nih.gov/pubmed/19863469
https://doi.org/10.2217/whe.09.61
https://www.ncbi.nlm.nih.gov/pubmed/25600972
https://doi.org/10.2217/nnm.14.169

	Photoacoustic-Ultrasound Tomography: A New Window into Developmental Toxicity
	References


